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 Abstract  : Data of continuous observation of crustal strain and tilt are investigated 
before and after the 1983  japan Sea earthquake (M 7.7) with reference to other data sets 
of sea level and seismicity. Strain rates at Oga and Nibetsu, whose epicentral distances 
are 80 km and 120 km, respectively, changed  twice  : in January, 1979 and April, 1980. 
Although the onset times of the rate change do not agree with each other, uplifting speed 
at the two tidal stations, Fukaura, 80 km northeast of the epicenter, and Oga changed 
nearly at the same period. Anomalous westward tilting was observed by  water-tube 
tiltmeters at Oga during the period from 1980 to 1982. These phenomena might be 
regarded as precursors. An aseismic slip model is derived to explain the strain rate change 
data observed at Nibetsu. 
   A change in strain rate after the earthquake was also observed at Nibetsu in 1986. A 
sudden decrease in the aftershock activity was found almost at the same time so that the 
observed strain might respond to the change in stress field in and around the focal region.
 I. Introduction 
   Several kinds of precursory phenomena associated with the 1983 Japan Sea earth-
quake were  reported  ; foreshock activity 12 days before the main shock (Umino et al., 
1985), a seismic gap in the focal region (Mogi, 1985), abnormal vertical land-movements 
observed by precise leveling surveys and tide gauge data (Tada,  1984  ; Taguchi and Fujii, 
 1985  ; Ishii et al.,  1986  ; Kamijo et al., 1987) and episodic aseismic strain signals observed 
by a borehole strainmeter (Linde et al., 1988a, 1988b). 
   Six years have passed since the earthquake occurred, and the crustal deformations 
before and after the earthquake can now be discussed in detail from the data obtained 
by continuous observation of crustal strain and tilt. These deformations are examined 
in relation to other data sets, namely sea level and seismicity in the source region. In 
this paper, we first report on precursory changes in strain and tilt as well as postseismic 
ones. We next present a preliminary interpretation of the preseismic strain changes by 
introducing an aseismic shear dislocation model.
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2. Data 
   Figure 1 shows seismicity in and around the source region of the 1983 Japan Sea 
earthquake for the period from April, 1975 to January, 1989. The area where many 
epicenters are located indicates the fault areas of the main shock and the major 
aftershocks. Locations of stations for continuous observation of crustal deformation, 
Nibetsu (NIB) and Oga (OGA), are shown by crosses. The distances from the main 
shock to NIB and OGA are 120 and 80 km, respectively. Tidal stations, Fukaura 
(FUKT) and Oga (OGAT), are also indicated by solid squares. FUKT is operated by the 
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Fig. 1 Epicenter distribution in and around the focal area of the 1983 Japan Sea earthquake 
   for the period from April, 1975 to January, 1989. The hypocenters were located by using 
   data of the seismic networks of Tohoku University and Hirosaki University. Locations 
   of sites for continuous strain and tilt observation (OGA and NIB) and for sea level (FUKT 
   and OGAT) are indicated by crosses and solid squares, respectively.
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 Fig.  3 Strain changes at OGA during the period from October, 1975 to January, 1989. 
   Notations are the same as in Fig. 2.
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2.1. Strain Changes 
   Figures 2 and 3 show the strain changes observed by extensometers at NIB and 
OGA, respectively. Although large strain steps were observed at both stations at the 
occurrence of the M 7.7 event, it is considered that the abrupt apparent strain changes 
were due not to the coseismic strain change produced by the fault motion but rather to
(a)
Japan Sea Eq. 
(83/05/26 M7.7) 
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Fig. 4 Tilting vector plot at OGA (a) for the period from September, 1975 to January, 1989 
   and (b) for the period from April, 1984 to January, 1989.
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local site instabilities. The strain steps are not discussed in this study and are excluded 
from the strain data. 
   As seen in  Fig.  2, the maximum shear strain component  (ynia„) of NIB shows a 
significant increase from the beginning of 1979 to the middle of 1980. This strain change 
is considered to be one of the precursors of the earthquake. The low strain rate from 
1980 to 1983 does not necessarily mean the absence of precursor but could result from 
some change in stress field in and around this area, since sea level data at FUKT shows 
gradual uplift until the occurrence of the earthquake (see below).  Y.,ax decreased 
exponentially after the main shock and returned to a low strain rate stage around 1986. 
Although the strain change observed at OGA shows a rather poor signal to noise ratio 
because of the significant effects of rainfall and snow melting, the same strain component 
shows a corresponding variation (Fig. 3).
SEA LEVEL 1970-1987
 FUKT(lOcm/div) 
 PI  iv\fiv-\,\R.Ap V1N,
OGAT 
    Ai\
NEZT 
 ll
 NEZT-  FUKT(  2 cmidiv)
 NEZT-  OGAT 
 11\0
\( w
VA/1\ I Atr\M'V41 1V1.1\ 
 
2ern
       VI J\At\
 NEZT-  FUKT(  1cm/illy) 
(filtered) 






Japan Sea  Eq.
 70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87 
Fig. 5 Sea level data at three tidal  stations  ; FUKT, OGAT and NEZT. Raw data, relative 
   variations of FUKT and OGAT with reference to NEZT, and filtered relative variations 
   by taking 24 months running mean are shown. Data are obtained from Annual Reports 
   of the Coastal Movement Data Center.
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2.2. Tilt Changes 
   Water-tube tiltmeters installed at OGA station detected anomalous tilt changes 
preceding the Japan Sea earthquake, as shown in Fig. 4. From 1975 to 1977, the tilting 
vector moved toward the northeast and then turned to the northwest. A large secular 
tilt change to the west started in 1980. In late 1982, this westward tilting stopped. 
After the earthquake, the secular tilt change is very small and only an annual change is 
observed (Fig. 4(b)). No clear aftereffect was found in the tilt data. 
   However the large westward tilt from 1980 is not consistent with the leveling data 
that shows clear uplift near the tip of the Oga Peninsula (Geographical Survey Institute, 
1984). The tilt changes observed at OGA may be caused by a local response to the 
change in the crustal stress field.
2.3. Sea Level Changes 
   In  Fig.  5, the monthly mean sea level changes at FUKT, OGAT and NEZT 
(Nezugaseki), which is located at 150 km south of OGAT, are plotted. The lowest two 
traces, which were obtained by taking running mean of  the relative variations, show 
gradual uplifts starting around 1978 at both stations of FUKT and OGAT. Note that 
the onset time is obscured by the running mean filtering. In 1981, the rate of uplift seems 
to have changed at both  stations  ; the uplift speed increased at FUKT, and decreased at 
OGAT. Anomalous ground upheaval was also detected by the precise leveling survey 
operated by the GSI (Geographical Survey Institute,  1984  ; Ishii et al., 1986). 
   We examined the raw data of relative sea level. No clear indication, however, was 
found for the coseismic vertical crustal movement. The distinctive ground upheaval, 
regarded as an aftereffect of the earthquake, is seen in Fig. 5 to have lasted until around 
1986 with almost the same rate as the preseismic ground uplift.
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   Fig. 6  Space--time distribution of epicenters shown in Fig. 1. 
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2.4. Seismic Activity 
   The seismic network for microearthquakes was established by Tohoku University in 
the Tohoku district, northeastern Japan, in 1975. Seismic activity in and around the 
focal region of the 1983 Japan Sea earthquake is shown in Fig. 1. The  space-time 
distribution in Fig. 6 shows that most of the events in this region occurred after the main 
shock so that the area where epicenters are densely distributed in Fig. 1 is considered to 
be the surface projection of the fault area of the earthquake. The Iwasaki earthquake 
swarm of 1978 (Horiuchi et al., 1981 ; Sato et  al., 1983) is seen in the figure as a small 
cluster near FUKT. A seismic gap is  found in the source region about three years 
before the Japan Sea earthquake. These were reported as precursory phenomena by 
Mogi (1985). The anomalous strain changes at NIB and OGA, tilt changes at OGA and
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Fig. 7 (a) Daily frequency of the aftershocks with magnitudes greater than 3.0 versus lapse 
   time and (b) residuals from the regression line shown in Fig. 7(a).
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Fig. 8 Crustal deformation data before and after the 1983 Japan Sea earthquake. Maximum 
   shear strain, NS and EW tilt components at OGA and NIB station, daily precipitation, and 
   difference in monthly mean sea level between FUKT and NEZT and between OGAT and 
   NEZT  (filtered by 24 months running mean).
uplift at FUKT and OGAT seem to have started sometime between 1978 and 1980. 
   Although the number of aftershocks was decreasing with time, the seismicity in the 
source region became significantly lower in early 1986. Figure 7(a) shows the relation 
between the daily frequency of aftershocks with magnitudes greater than 3.0 versus lapse 
time, and Fig. 7(b) exhibits the residuals from the regression line drawn in Fig. 7(a). The 
residuals tend to decrease before 100 days in lapse time. This is caused by the after-
shock activity of the largest aftershock with magnitude 7.1. The residuals begin to 
decrease again nearly at 1000 days, that is, February 1986. This may be related to the 
termination of the aftereffect observed in the crustal deformation data. 
   The precursory phenomena mentioned above are plotted together in Fig. 8 with a 
common time scale. These independent data, with the possible exception of the tilt 
change at NIB, show agreement with one another, as far as the times of their onsets and 
mode changes as well as the termination time of the aftereffect are concerned.
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3. Interpretation 
   Tada (1984) proposed a dislocation model to explain the preseismic uplift detected by 
leveling surveys along the Japan Sea coast. He assumed an aseismic slip on the fault at 
the eastward extension of the main shock fault to show a good agreement between the 
observed vertical movement and the calculated one. Linde et al. (1988a, 1988b) adopted 
a similar model to interpret the strain pulses with duration of a few hours observed by 
a Sacks-Evertson type strainmeter installed at Gojome. Our preliminary work to 
interpret the anomalous strain changes observed at NIB is presented  here  ; we start from 
similar dislocation models to those of Tada (1984) and Linde et  al. (1988a, 1988b). 
   We label the first stage of the precursor from January, 1979 to April, 1981 as Phase 
I and the second stage until the main shock as Phase II. In Fig. 9, the observed strain 
changes at NIB are compared with those calculated. The secular trend of each strain 
component before Phase I is removed from the data. The location and the slip rate of 
the aseismic fault are assumed to be constant and are determined from the observed data 
by trial and error. On the other hand, the size, dip angle and strike of the fault are 
assumed as 100 km x 60 km,  20°, and  N15°E, respectively. The total slip of each phase is 
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Fig. 9 (a) Observed and calculated strain changes of the NS and EW extensions and the NS-
   EW shear component at NIB station. Linear trend of original data for the period from 
   October, 1975 to December, 1978 is assumed to represent characteristic steady-state strain 
   field and removed for the whole period. The precursor period is divided into two  periods  : 
   Phase I from January, 1979 to April, 1981 and Phase II from May, 1981 to May, 1983. 
   Straight lines denote strain changes calculated from fault models of each phase. Model 
   parameters are described in the text. (b) Locations of aseismic fault area in each phase. 
   Two faults are on a deeper extention of the main shock fault with the same dip and strike 
 angle. Parameters are fixed as described in the text and only the locations were deter-
   mined by trial and error from the observed data.
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discrepancy may be caused by some amplification factor in the surface observation using 
 extensometers  : cavity effect, topographic effect  (Harrison, 1976) and so on. Location of 
the aseismic faults which produce the best agreement between the data and the calcula-
tion is shown in Fig. 9(b). In spite of the simplicity of the model, the agreement between 
the observed and calculated strain changes is fairly good as a first approximation.
4. Summary
   Examination of independent data sets, namely crustal strain and tilt, sea level and 
seismicity, reveals the anomalous strain and tilt changes that preceded the 1983 Japan 
Sea earthquake. These data sets suggest that the precursor may be classified into two 
 phases, Assuming aseismic slip on a deeper extension of the main shock fault, we 
simulated the strain data of NIB station in each phase to obtain a successful agreement 
between the observation and the calculation. A physical model satisfying all the 
precursors is the goal of our ongoing study. 
   Clear aftereffect phenomena were observed by extensometers and tide gauges and 
terminated roughly at the same time. This termination also coincided in time with a 
sudden decrease in the aftershock activity. The aftereffect may thus be related to the 
change in the crustal stress state.
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